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ViscoelasticityThis study aims to evaluate the performance of epoxy/epoxycyclohexyl polyhedral oligomeric silsesquioxane
nanocomposites focusing on differential scanning calorimetry and dynamic mechanical analysis. Nanocom-
posites with distinct nanoreinforcement contents (1, 2 and 5 wt.%) were studied. Using differential scanning
calorimetry and dynamic mechanical analyses it was possible to assess some properties based on well-
established concepts and correlate them with the structure formed. It was observed that the glass transition
temperature decreases following the incorporation of epoxycyclohexyl polyhedral oligomeric silsesquioxane,
indicating, in principle, that there is more mobility in the new system formed. However, other calculated pa-
rameters (cooperative rearrangement region, Angell fragility and Kauzmann temperature) showed no trend
as a result of epoxycyclohexyl polyhedral oligomeric silsesquioxane incorporation.
© 2011 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
The incorporation of polyhedral oligomeric silsesquioxanes (POSS)
has attracted worldwide attention because of the advantages of these
compounds compared to traditional composite materials [1–3]. New
materials with pre-tailored properties can be manufactured by the in-
corporation of these nanoreinforced materials [4–6].
Some proposed theories account for a ﬁxed value for the glass tran-
sition temperature. However, it is well-established that the determina-
tion of this temperature is always arbitrary, and there is no international
convention on this subject [7]. Angell et al. [8] proposed in estimating
the relaxation time at 100 s by differential scanning calorimetry utiliz-
ing as heating rate 10 K/min. In an earlier paper [9], Angell determined
that the C1 value is a physical constant because the gap between two
important relaxation times (glass transition temperature and the pre-
exponential constant of the VFT equation) is the same for all types of
polymers. So, according to the points assessed for determining Tg, the
results obtained could deeply depart from the values expected from
the equations proposed, so these equations should not be taken into
account.Compósitos, Programa de Pós-
ateriais, Universidade Federal
0, 91501-970, Porto Alegre, RS,
Ornaghi),
(A.J. Zattera).
sevier OA license.The glass transition has been said to the most important unresolved
problem in condensed matter physics [10]. Adams and Gibbs intro-
duced the existence of an ideal glass transition temperature observing
that the entropy of glass-forming liquids often extrapolates to zero at
a ﬁnite temperature [11]. However, nowadays there are no suitable ex-
perimental methods to determine equilibrium liquid response for a
glass-forming polymer below its glass temperature. The difﬁculty lies
in the inordinately long times required to achieve equilibrium density
as the temperature is reduced below Tg[12]. Also, it is known that for
reaching equilibrium only 10 K below the glass transition temperature
there is an increase of around four orders ofmagnitude in the relaxation
times for a typical glass former, polystyrene. According to Simon et al.
[12] in view of the fact that relaxation times diverge to inﬁnite actually
it is practically impossible to obtain equilibrium properties in the vicin-
ity of the Kauzmann temperature (Tk). However, although it is not pos-
sible to reach equilibrium at these temperatures, it is possible to
estimate this value by some experimental approach found in the litera-
ture [7–10]. According to Adam and Gibbs, [11] the “ideal” glass transi-
tion (Tk) can be obtained in two different ways: mechanical–statistical
theories or extrapolations of the experimental data.
Angell [13] proposed a method to estimate the property of a certain
material based on the heat capacity (Cp). The range needed to alter the
average relaxation time by some two or three orders ofmagnitude, usu-
ally 100 to 0.1 s. is clearly shown by a rapid decrease in heat capacity
from liquid-like to crystal-like values as the liquid degrees of freedom
become kinetically inaccessible. So, the glass transition temperature
(by DSC measurements) is deﬁned as the temperature of onset of the
Cp rise ΔCp during heating, usually 10 K/min [8].
428 H.L. Ornaghi Jr. et al. / Journal of Non-Crystalline Solids 358 (2012) 427–432As soon as the Tg and Tk values are obtained, it is possible to attain the
cooperative rearrangement regions (CRR) at Tg as proposed by Solunov
[14]. CRR can be deﬁned as a sub-system able to change its conﬁguration
under sufﬁcient thermal activation energy independently of its environ-
ment. CRR represents the relaxation phenomena occurring in a polymer
as a cooperativemotion andnot asmonomeric segments as proposed by
Miller [15]. It is possible to link the CRR size to the glass-forming liquid
fragility index. In this case, the properties of the glass are supposed to
be directly correlated to the glass-forming liquid properties. There are
several works directed to the correlation of these parameters; however,
drawbacks are encounteredwhen the goal is to correlate both quantities
and microstructure [16–18].
The proposed work will attempt to determine the values of the
fragility index and the cooperative rearrangement regions among
other physical-chemistry parameters of epoxy/POSS nanocomposites
with different POSS contents and correlate them with the structure
formed using DSC and DMA measurements.
2. Experimental
2.1. Materials
The materials used in this study were: epoxy resin of bisphenol-A
diglycidyl ether (DGEBA); Araldite Gy — 251, aliphatic amine
(triethylenetetramine — TETA); Ren Hy — 956 supplied by Hustman
Advanced Materials and polyhedral oligolsilsesquioxane epoxycyclo-
hexyl — POSS (EP0408) ((C8H13O)n(SiO1.5)n; n=8,10,12 (n=8))
from Hybrid Plastics™.
3. Methods
3.1. Sample preparation
Apre-mixture of the epoxy resin and POSS reinforcement in the ratios
of 1, 2 and 5% (m/m) was made at a pre-set temperature of 50 °C. The
samples were prepared at the ratio of 5:1 epoxy/TETA (Eq/Eq) and the
nanocomposites were manufactured by manual mixing. After this step,
the samples were placed in a silicon mold (50 mm×10mm×3mm)
and then the cure was performed at 30 °C for 24 h. Consequently, the
samples were post-cured in a vacuum oven (−300 mmHg) at 100 °C
for 24 h.
3.2. Differential scanning calorimetry (DSC)
The differential scanning calorimetry (DSC) analysis was performed
in a Shimadzu DSC60 instrument, under N2 atmosphere (50 mL/min),
using approximately 10 mg of each sample. The samples were heated
to 100 °C, froze until −40 °C and re-heated to 40 °C. All of the heating
and freezing stages were performed at a heating rate of 20 °C min−1
with an isotherm of 5 min after each step. The second heating step was
designed to calculate the heat capacity (Cp) values using a sapphire sam-
ple as reference (in the same conditions of analysis as described for the
samples) and obtaining a background with the empty sample to reduce
the base line as described in the literature [19,20]. Since each sample
was tested only once, the systematic errors alone can be determined.
The systematic error for temperature was 0.05 K while that for the
signal-to-noise was ±26.07 μW.
3.3. Dynamical mechanical analysis (DMA)
The viscoelastic properties were characterized using an Anton Paar
PhysicaMCR 101DMTA equipment in the torsionmode and rectangular
specimens of 50 mm×10 mm×3mm. The sweep experiments were
carried out from the glass transition temperature (determined by non-
isothermal runs) for each sample at 3 °C intervals after temperature
equilibration until 373.15 K. At each temperature the frequency variedfrom 40 to 0.1 Hz. The isothermal curves were used in the application
of Williams–Landel–Ferry (WLF) equation [21]. Each sample was tested
only once, so the systematic error for temperature was evaluated:
0.015°C.
The parameters calculated in this work are directly related to
the equivalence of the WLF and VFT equations, since characteristic
parameters of both models were discussed as described in the liter-
ature [7–10]. These parameters were obtained by inter-relations of
the C1 and C2 constants of the WLF model [22,23].
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The relaxation (H(τ)) and retardation (L(τ)) spectra were obtained
with the aid of the nonlinear regularization (NLREG) software program
[24–27]. The viscoelastic functions H(τ) and L(τ) were obtained from
the storage (E'') and loss (E'')moduli obtained from the frequency scan-
ning of the glass transition temperature (Tg) for each sample analyzed.
4. Results
4.1. Differential scanning calorimetry (DSC)
The method proposed in this study is based on an earlier study by
Wang, Velikov and Angell [28] where the enthalpy difference between
the standard scan (sapphire) and the scan made by heating a sample
at a standard rate is quantiﬁed. The difference ΔH (Q) is then matched
to the standard scan. Fig. 1(a)and (b) shows the heating ﬂows and the
Cp value for the epoxy and the nanocomposites samples studied.
The data represented in Table 1were derived fromFig. 1(a). According
to this table, it was clear that POSS promotes a slight decrease in the Tg
values. This was expected, since the POSS chains act as a soft linkage
among the epoxy chains andmore free volume is generated in the system
[29], so that higher mobility is generated in the overall system. Since the
glass transition temperature is obtained at an out-of-equilibrium state
and there is segmental movement enough for a portion of the molecules
to behave in cooperative motion, in principle POSS makes easier the mo-
lecular motion of the molecules i.e., the system is in a state of dynamical
disorder [30]. These values are in agreement with the ones found in the
literature [31].
Fig. 1(b) shows the heat capacity of the samples studied. A sig-
moid curve is obtained as a function of temperature. The Tk values
were obtained by extrapolation of the curves. The Tk values decrease
by POSS incorporation and as more POSS is included, the values start
to increase again. When the Tg−Tk relation is obtained, it is noted
Fig. 1. (a) Heat ﬂow as a function of the temperature and (b) heat capacity for the
epoxy resin and the nanocomposites.
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and seems to decrease when additional POSS is included.
According to Angell [8], for different materials the lower the Cp
values the stronger the material thermodynamically. However, a
study by Saiter and co-authors demonstrates that there is no correlation
between the fragility index and the heat capacity for melamine formal-
dehyde resins [32]. The Cp curves were obtained aiming to collect the
Kauzmann temperature. In overall the Cp value of these samples is
lower according to the POSS content incorporated into the neat epoxy
resin, which means a stronger thermodynamic system due to the high
molar mass of the POSS cages.
The entropy of the systemwas calculated according to the following
Eq. (9):
ΔSm ¼ ∫T∞Tk
Cconfp
T
 !
dT ð9Þ
where Cpconf represents the conﬁgurational heat capacity, i.e. the differ-
ence in heat capacity (Cp) between liquid and solid states, Tk (KauzmannTable 1
Glass transition temperature, Kauzmann temperature and CRR obtained from the ex-
perimental data.
Sample Tg (K) (±0.05 K) Tk (K) Tg−Tk CRR
Neat resin 332.07 290.02 (±7.31 K) 42.05 7.90
1 wt.% POSS 330.89 277.77 (±4.02 K) 53.12 6.23
2 wt.% POSS 330.77 283.55 (±4.19 K) 47.22 7.01
5 wt.% POSS 329.75 291.72 (±1.14 K) 38.03 8.67temperature) the temperature at which the conﬁgurational entropy
reaches zero and T∞ is the temperature at each time instant measured
in the glass transition range [33,34].
According to Fig. 2, as POSS is incorporated an increase in the entro-
py of the systems is observed. At lower temperatures, the samples are in
a glassy state where the orientational disorder is frozen while as tem-
perature rises and the plastic phase is reached, the orientational disor-
der is dynamic [30]. Higher values were obtained for the 1 wt.%-
containing POSS sample. The lower entropy variation of the epoxy
resin was observed at the augmented temperature. Entropy increase
following temperature rise is expected since the molecules tend to
move as a result of higher thermal excitation.4.2. Dynamic mechanical analysis (DMA)
The Williams–Landel–Ferry (WLF) equation is among the equa-
tions that best describe the non-Arrhenius behavior of the variation
of relaxation times with temperature for polymer systems and is
represented in Eq. (1) shown earlier.
In this equation: C1 and C2 are constants, Trefis a reference tempera-
ture (usually the glass transition temperature) and T is the measured
temperature. C1 is a physical constant calculated as the ratio between
the relaxation time at the glass transition temperature (102 s by con-
vention) and the phonon relaxation time (expected to be 1×10−14 s),
i.e., 16 in this case [9]. The Angell fragility is measured based on a refer-
ence temperature (Tg) and the behavior of thematerial (as represented
by the Arrhenius or VFT behavior) is studied above this temperature
since, in the glassy region, the Arrhenius behavior of the material is
temperature-dependent.
The C2 constant, and especially C2/Tg, carries information on the na-
ture of the polymer, being related to the strength parameter D of the
strong/fragile Angell classiﬁcation. According to this classiﬁcation,
higher D values represent kinetically stronger systems (following the
Arrhenius behavior). At Tg, all polymeric materials show the same
time scale gap between the microscopic scale (phonon-like) dynamics
and the α-relaxation dynamics. Thus, on this basis, if τ0=1×10−14 s
and the data is force-ﬁtted into the remaining two parameters of the
equation, the behavior most likely to be found outside the ﬁtting range
may be obtained. The WLF parameters were calculated considering the
WLF-VFT equivalence [9]. Table 2 shows some parameters calculated
according to Eqs. (1), (2), (3), and (5) mentioned earlier.
An expected increase in the fractional free volume for the POSS
nanoparticles-containing samples is observed in view of the higher
volume of the POSS cages. Also, the expansion coefﬁcient seems to
keep the same trend for the reinforced materials. This behaviorFig. 2. Entropy evolution for the epoxy resin and the nanocomposites. The dotted line is
only drawn as a guide to the eye.
Table 2
WLF parameters obtained for the samples studied.
Sample C1 C2 fg αf (10–4.°C-1) ΔHα (kJ/mol)
Neat resin 18.17 101.48 0.024 2.36 378.09
1 wt.% POSS 15.89 85.72 0.027 3.19 388.52
2 wt.% POSS 15.89 85.72 0.027 3.19 388.24
5 wt.% POSS 15.94 85.94 0.027 3.17 386.24
Fig. 3. Different (Tg−Tk) values versus (Tg /m) values for the epoxy resin and the POSS
nanocomposites. The data were linearly ﬁtted to intercept at zero with a 16.4129 slope.
The correlation coefﬁcient obtained was 0.99015.
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entails reduced chain packing.
Table 3 shows further physical-chemistry parameters calculated
from the DMA analysis.
As seen for the DSC analysis, the Tg values obtained from DMA
analysis seem to decrease as POSS is incorporated into the resin.
This phenomenon was detailed earlier.
In order to better represent how energy is lost between the refer-
ence point (Tg) and Tk, a new parameter (Tg−Tk) can be obtained.
Lower values of this parameter mean a kinetically weaker system,
since a smaller amount of energy is necessary to reach the equilibrium
state, or the density of the minima (elementary level in terms of two-
state models in which there are different rises in the number of distinct
packing per elementary excitation event) is lower for these systems [35].
This phenomenon was observed for POSS-containing samples. The
results found are in agreement with the literature. The incorporation
of the POSS reinforcement probably decreases the density of minima,
facilitating the movement of epoxy chain segments due to the large
volume occupied by the nanocages. Since there is a large volume
there is a higher free volume entailing more mobility within the sys-
tem and decreasing the glass transition temperature as mentioned
earlier.
Them values rise as POSS is incorporated into the system. In principle,
the POSS incorporation gives the system more free volume per area, in-
creasing the free volume. Consequently, this leads to an increase in the
spacing/holes. Truly, with the incorporation of POSS content, themolecu-
lar chain movement from Tg increases, leading to a rise in the fragility
index, as proposed byAngell. Also, them fragility index is a propertymea-
sured at an out-of-equilibrium state. Higher values can be associatedwith
the higher POSSmass and energy of cohesive density. Also, the type of ar-
chitecture of the POSS cagemakes itmore rigid towards deformation than
the carbon bonds of the epoxy/epoxy chains [29]. Another factor that can
contribute for this phenomenon is an increase in the spatial heterogeneity
and an abrupt slow down of the viscosity when compared to stronger
systems.
The values of B decrease by incorporation of POSS. This would
mean that more energy is necessary for the relaxation of activation
energy. However, these results are in agreement with others found
in the literature. Notwithstanding it is reasonable to think that the B
values are obtained at the Kauzmann temperature, where the system
would be in equilibrium, so the energy necessary to move portions of
segments would be higher due to the time required for the chains to
pack. Since these chains are better packed, the energy necessary to
move these portions would be higher due to the higher molar mass
and higher cohesive energy density of the POSS groups.
Different types of substances were collected from the literature
and plotted in Fig. 3 for comparison [34]. The experimental data fol-
low the full line of slope 16 (more precisely, 16.896) for the POSSTable 3
Physical-chemistry parameters obtained for the samples studied.
Sample Tg (K) (±0.015 K) Tk (K) Tg−Tk CRR B (K) D m
Neat resin 343.75 242.27 101.48 3.39 4246.17 17.53 61.62
1 wt.% POSS 338.35 252.63 85.72 3.95 3135.40 12.41 62.77
2 wt.% POSS 338.55 252.83 85.72 3.95 3135.40 12.40 62.81
5 wt.% POSS 338.15 252.21 85.94 3.93 3155.17 12.51 62.80nanocomposites, conﬁrming the validity for the strong type samples.
Qazvni [35] studied polyester resins by varying the styrene content
and the same trend was noted.
CRR values increase as POSS is incorporated. It is possible that this
occurs as a result of the higher molar mass of the POSS nanoﬁller.
The range of relaxation can be better visualized from the relaxation
and retardation spectra obtained from the non-isothermal analysis.
Fig. 4 shows the plotted master curves for all samples studied. From
the ﬁgure as frequency increases, an increase in both moduli is noted,
this being expected since the period for rotational and translationalmo-
lecularmovements decreases, requiringmore temperature (energy) for
the initiation of themolecularmovement in a cooperativeway. At lower
frequencies, the molecule responds almost immediately to the strain
applied. The curves showed a similar trend for all samples analyzed.
However, at the glass transition temperature, a more abrupt drop is
noted as compared to the other samples.
From the storage and loss moduli, the relaxation and retardation
spectra were obtained through a nonlinear regularization method
proposed by Tikhonov as observed from Eqs. (10) and (11):
H τð Þ ¼ L τð Þ
Jg þ ∫∞−∞ L τð Þ1−τð Þ=τ d lnτ− τη0
h i2 þ π2L τð Þ2 ð10Þ
L τð Þ ¼ H τð Þ
Gθ−∫∞−∞ H τð Þτ= τ−1ð Þd lnτ
h i2 þ π2H τð Þ2 ð11ÞFig. 4. Storage and loss moduli master plots obtained from DMA analysis.
431H.L. Ornaghi Jr. et al. / Journal of Non-Crystalline Solids 358 (2012) 427–432where: Jg is the instantaneous compliance, η0 is the zero-shear viscosity
and Gθ is the equilibrium modulus.
The above spectra were calculated from the storage and loss moduli
obtained from the rheological data. In order to calculate L(τ)fromH(τ) it
is necessary to evaluate, for each point, the integral in the denominator
of Eq. (1) graphically or numerically based on the knowledge of H(τ)
over its entire range [20].
Fig. 5(a) and (b) shows the relaxation and retardation spectra
obtained by varying the frequency range from 0.1 to 40 Hz at the
glass transition temperature as the isothermal temperature. As it
can be observed that there appears to be two distinct relaxation
peaks at τ≈107 s and τ≈109 s for the resin and the nanocomposites.
Two distinct relaxation peaks can be seen related to all samples, the
second relaxation phenomenon being shifted of around two orders
of magnitude relative to the ﬁrst one.
It is important to point out that the relaxation peaks were obtained
for the samples tested solely at the glass transition temperature.Would
the temperature range be broader, the appearance ofmore peakswould
probably be evident. So, the two peaks observed in Fig. 5(a) are only re-
lated to the glass regionwhich involves sub-Rouse and Rousemodels of
molecular motions.
The two peaks can be associated with the inhomogeneity of the
crosslinking density morphology formed by the resin cure. So, the
ﬁrst peak can be associated with the molecular motion of the epoxy
segments between the crosslinking points and the latter can be asso-
ciated with the chain slippage. Since POSS is chemically connected
with the epoxy resin, the appearance of a third peak related to the
epoxy/POSS interface cannot be evidenced.Fig. 5. (a) and (b) — Retardation and relaxation spectra obtained from the non-
regularization method software.According to Matsuoka [20], there are three characteristic relaxa-
tion stages, the unkinking stage associated with chain conformation
(stage 1), the chain slippage stage (stage 2) due to the higher number
of degrees of freedom and the free volume, and the correlated blob
slippage stage (stage 3).
Therefore, it can be assumed that the distribution of relaxation times
in the ﬁrst peak is dependent on the complex structure of the network
polymer. The second relaxation phenomenon can be associated with
the distribution of relaxation times that spreads with the slipping and
entanglement of long polymeric chains (stages 2 and 3). Consequently,
there is a delay in the relaxation related to the distribution of themolec-
ular weight and thus, the type and size of the chain. Also, through
nanoreinforcement incorporation, a distinct behavior relative to the re-
laxation phenomenon could not be observed, suggesting that the chains
have the same (or similar) degrees of freedom towards the relaxation
phenomenon when compared with the pure epoxy matrix.
The shape of the retardation spectra is indicative of the inhibited
mobility of the segments in the molten state. The results obtained
show a similar trend for all the samples studied. For these samples
one distinct retardation characteristics at τ≈108 s was observed. It
can be noted that for the relaxation spectra of the epoxy resin and
POSS nanocomposites, a single relaxation phenomenon is present.
The lessening in the retardation time, in this case, may be inhibited
by a strong physical interaction between the segments of the chains.
In addition, since the relaxation times become more heterogeneous
over time, it is expected that these phenomena will be noted for
lower values. This occurs since there is proportionality between the
elastic and plastic deformations, i.e., higher elastic deformation for
H(τ) leads to lower and less pronounced effect on the plastic defor-
mation for L(τ) [24].
5. Discussion
The liquid fragility concept brought forward by Angell in 1985 has
become an important tool for classifying the glass-forming liquids
along a scale extending from strong to fragile. This qualitative concept
is related to the manner in which temperature affects the properties
of liquids [36]. Fragility has both relaxational (mass transport and vis-
cosity) and thermodynamical (with respect to temperature)manifesta-
tions. Strong materials have stable structures and local to intermediate
range of order, whereas the structure of fragile ones is unstable and
their molecules show largely non-directional packing and dispersive
forces on each other. As a consequence, the properties of the former
do not change dramatically with temperature while the properties of
the latter change quickly with temperature.
The main transition of amorphous polymers from the glassy to the
rubbery plateau usually involves different modes of molecular motion
(segmental motion, sub-Rouse and Rouse model) as cited by J. Wu
[37] and is dependent on the chemical structure of the polymer, mo-
lecular weight, structural recovery in the glassy state, vibrational mo-
tions and nonexponentiality of the structural relaxation [38]. Also,
McKenna afﬁrms that the dynamic and thermodynamic fragilities
are strongly correlated only in small molecule glass-forming liquids
and that a correlation between such parameters in polymers is rather
difﬁcult to establish.
As observed in the TTS ﬁgure, the same trend is seen for all samples
studied. The locus where the storage modulus begins to drop and the
loss modulus reaches a peak reﬂects the motion of local segments
concerned with the cooperative short-range diffusional motion of
the main chain segments [2,37]. Usually the transition regions for
strong polymers change slowly with temperature, so the regions
are broader. However, if the nanoreinforcement is chemically connected
with thematrix, a stronger system can possibly be formed. Asmentioned
by Debenedetti [39] the way that a landscape deforms as a result of
changes in density provides information on the mechanical properties
of a material system and Tanaka [40] and Qazvini [35] afﬁrm that a
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landscapes that facilitate the segmental movement, since lower excita-
tion energy is required to move these segments. Higher values mean
that the amount of energy distributed by the system is more constant
than in the former, hence the energetic disorder is lower and as a conse-
quence the molecular motion becomes restricted.
Also, it was observed that the m parameter is not necessarily the
relevant one for describing the temperature dependence of the relax-
ation times. A further correlation based on free volume ideas could be
important for the dynamics of these materials [41].
Another relevant factor is the increase/decrease of the crosslinking
concentration by POSS incorporation. In principle, higher crosslinking
densities lead to broader relaxation curves, decreasing the molecular
mobility and consequently requiring longer times for molecular re-
laxation. Also, the glass transition temperature shifts to higher tem-
peratures due to higher chain connectivity and reduction in free
volume [42]. This possibility was discarded by the results presented
in this study for this system.
Furthermore, as mentioned in an earlier study by Huang and Mc-
Kenna [38] a link between thermodynamic and dynamic fragilities
measurements seems difﬁcult to establish since the thermodynamic
estimate of fragility may be path- and pressure-dependent.
Finally, the nanocomposites studied in this work showed a similar
trend. This means that the relaxation time and the temperature depen-
dence as the temperature increased from the glass transition temperature
keep the same trend. This is equally observed in the relaxation spectra
calculated.6. Conclusions
In this study, the fragility index proposed by Angell and the cooper-
ative rearrangement regions (CRR) proposed by Solunovwere obtained
and compared for the nanocomposites. The fragilities obtained by DSC
and DMA analyses were obtained and a correlation between them
could not be deﬁnitely observed. The fragility index showed higher
values for the nanocomposites containing more POSS content, what in
principle would increase CRR. It is possible that the incorporation of
the nanoﬁller brings a restriction to the overall movement, requiring
lower number of POSS segments in view of the POSS units packing.
Also, the values obtainedwere quite distinct from those found in the lit-
erature. This could be explained by the fact that the values were
obtained (in the case of DMA) from indirect measurements, that is,
equivalence of the VFT-WLF equations.Acknowledgements
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